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For many years investigators have been puzzled by the fact that the skin of
common laboratory animals, with rare unexplained exceptions (1), fails to respond
with characteristic eczematous reactions, i.e. intraepidermal vesicles or bullae,
when exposed to stimuli which in man regularly produce such changes. This
absence of blistering and difference of reaction has been regarded as a serious
drawback when attempting to study in laboratory animals the cutaneous proc-
esses which are associated with eczema in man. Our own interest in this question
stems from an immunologic problem: Many fundamental studies on allergic
eczematous contact-type sensitization have been carried out in guinea pigs, a
species with a skin that lacks the capacity to undergo the characteristic vesicula-
tion of eczematous changes. Instead, the skin of guinea pigs after becoming
allergic to an allergen which is eczematogenic in man, responds only with a non-
vesicular inflammatory dermatitis. In particular, such reactions in the skin of
guinea pigs lack the features of inter- and intra-cellular edema and spongiosis
which most dermatologists, following the precept of J. Jadassohn, consider the
most characteristic evidence of eczematization. For these reasons, the question
has been raised repeatedly whether the many fundamental findings in allergic
contact dermatitis in guinea pigs (1—6) also apply to allergic eczematous contact-
type dermatitis in man. Are the immunologic mechanisms engendering these two
diseases different? Or is it some basic difference in the anatomic structure or the
physiologic or biochemical makeup between the skin of the two species which
accounts for the differences in the clinical and histologic appearance of the lesions
resulting from exposure to the same allergenic materials?
Our present studies are based on the findings of William and Margaret Bloom
(7) who some years ago were able to produce blisters in guinea pigs with vesicants
applied to the thickened epidermis regenerating after thermal burns. The question
arose whether it was the difference in the thickness of the prickle cell layer be-
tween the normal and the regenerating skin which caused such different responses
to the identical stimulus. If this was a correct assumption, eczematous changes
These studies were supported by research grants from the U. S. Public Health Service
(Grant RG-4414), the Grumbach Fund and Lever Brothers Company.
* From the Department of Dermatology and Syphilology (Dr. Marion B. Sulzberger,
Chairman) of the New York University Post-Graduate Medical School and the Skin and
Cancer Unit of the University Hospital, New York, N. Y.
Presented at the Seventeenth Annual Meeting of The Society for Investigative Derma-
tology, Inc., Chicago, Illinois, June 10, 1956.
249
TJ I  I   
 . .,  . S T L, Pn
.A. AND SHIRLEY SI S, .A.
          
  t   ll r e ic aterials?
  i rsit  st r t  i
 ., hicago, Il inois, June 10, 1956.
250 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
perhaps could be produced in guinea pigs if their skin was deliberately
made acanthotic prior to application of the eczematogenic agent. The experi-
ments described below were carried out in order to test this hypothesis and were
stimulated by a report of Flesch and Goldstone that significant acanthosis could
be produced in guinea pigs' skin by the application of substances such
as squalene (8).
EXPERIMENTAL
Thirteen guinea pigs weighing 350—500 gm. were sensitized to picryl chloride
or 2,4 dinitrochlorobenzene. With picryl chloride the method of Chase (9) was
used combining intramuscular injection of picrylated homologous erythrocyte
stromata in Freund's emulsion with subsequent topical application of the specific
allergen. Sensitization to 2,4 dinitrochlorobenzene was produced by repeated
intracutaneous injection.
The sensitized guinea pigs then had two areas, one on each flank, clipped and
painted with one of the acanthogenic agents (undiluted squalene* (9), undiluted
Span 20 (sorbitan monolaurate) (10) or sodium lauryl sulfate, 23 % aqueous
solution (11)). Applications of the acanthogenic agents were carried out daily for
7 to 13 days interrupted by 2 two-day rest periods during weekends. All sites
treated with squalene and Span 20 showed irritation in the form of various
degrees of scaling and erythema at the end of the applications. Sites treated
with sodium lauryl sulfate showed dryness and scaling without other signs of
inflammation. Two to seven days after the last painting with the acanthogenic
agent the pretreated and control sites were tested as follows:
Site A. The allergenic material (picryl chloride or 2,4 dinitrochlorobenzene)
was applied to a site which deliberately had been made acanthotic.
Site B. The allergenic material was applied to a "normal" site.
Site C. The vehicle alone (olive oil or acetone) was applied to a site which
deliberately had been made acanthotic.
Site D. The vehicle alone was applied to a "normal" site.
The test concentrations used were picryl chloride 2% in olive oil and 2,4 di-
nitrochlorobenzene 2 %t and '1o % in acetone.
The sites were examined twenty-four hours after these applications and tissue
for histologic examination was removed from each site with a biopsy punch.
Histologic sections were stained with hematoxylin and eosin.
RESULTS
The grossly visible reactions generally were more intense at the acanthotic
sites tested with the allergen (Site A) than at the symmetrically situated "nor-
mal" sites tested with the same allergen (Site B). However, no gross vesicle or
bulla formation was observed. Histologically 9 of 13 guinea pigs showed eczem-
* Supplied by Dr. Peter Flesch, University of Pennsylvania.
t It should be noted that this concentration has some primary irritant properties.
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FIauRE 1
atous changes in Site A including 3 with vesicle formation. The histologic findings
in these 9 animals can he summarized as follows:
Site A: The epidermis showed moderate to marked irregular acanthosis, inter-
cellular edema, exocytosis, exoserosis, spongiosis, disturbance of the basal cell
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FIGURE 2
layer and in some instances vesicle formation. The corium manifested dilatation
of the superficial blood vessels and a diffuse cellular reaction, predominantly
small round cells and polymorphonuclear leukocytes. The subepidermal con-
nective tissue was slightly edematous.
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Site B: The epidermis showed little changes. In the upper corium there was a
sparse to intense cellular reaction with small round cells and polymorphonuclears
with dilatation and congestion of the superficial blood vessels.
Site C: The epidermis showed irregular acanthosis and an increase in the
granular layer. A sparse cellular reaction with small round cells and polymorpho-
nuclears was seen in the upper corium.
Site D: Appeared normal.
The following are the details of the characteristic reactions as noted in two of
the test animals:
Guinea pig no. 53 (Fig. 1) (acanthogenic agent: squalene; allergen: picryl
chloride). Site A: The epidermis presents acanthosis, intercellular edema with
vesicle formation and some disturbance of the basal cell layer, particularly
beneath the vesicle. There is a mild diffuse non-specific cellular reaction in the
upper corium. Site B: Little changes in the epidermis; sparse diffuse cellular
reaction and numerous red blood cells in the upper corium. Site C: acanthosis.
Site D: normal skin.
Guinea pig no. NAL 4 (Fig. 2) (acanthogenic agent: sodium lauryl sulfate;
allergen: 2,4 dinitrochlorobenzene). Site A: The epidermis is moderately acan-
thotic. There is some intercellular edema, liquefaction of the basal cell layer,
exocytosis and exoserosis. The upper corium presents a moderate diffuse cellular
reaction composed of small round cells, polymorphonuclears, eosinophils and
some red blood cells. Site B: The epidermis is thin. There is a sparse cellular
reaction in the upper corium. Site C: The epidermis presents moderate acanthosis,
increased granular layer and an intact basal cell layer. The upper corium presents
a mild diffuse reaction. Site D: normal.
DISCUSSION
Our investigations show that if one deliberately produces acanthosis, i.e.
thickening of the prickle cell layer, in guinea pigs' skin, one renders their skin in
some instances capable of responding to contact allergens with the intraepidermal
changes which characterize true contact-type allergic eczematous dermatitis in
man in place of the usual non-vesicular, non-eczematous response of allergic
guinea pig skin to contact allergens. These results, achieved with 3 different
acanthogenic substances, make it likely that it is the relative thinness of the
prickle cell layer in the normal skin of guinea pigs—and probably also the skin of
other experimental animals—which is the reason for the failure of their skin to
respond with characteristic eczematous vesiculation. Actually some of the histo-
logic changes produced by picryl chloride and 2,4 dinitrochlorobenzene in the
acanthotic skin of allergic guinea pigs closely resemble the typical spongiotic
changes seen in allergic eczematous contact dermatitis in man.
There are a number of observations which are of special interest in connection
with our findings. Sulzberger and Baer in 1943 in unpublished studies were able
to produce histologic vesiculation on the foot pads of rats by applying vesicant
agents of chemical warfare. This now becomes understandable since the prickle
cell layer on these foot pads is much thicker than on the rest of the rat's skin. W.
e
       ,    
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Jadassohn, Bujard, and Brun (12) were able to produce spongiotic lesions, very
similar to allergic eczematous lesions in man, by applying 2,4 dinitrochloro-
benzene to the nipple of male guinea pigs allergic to this substance. Our histologic
examinations having demonstrated that the prickle cell layer in guinea pigs'
nipples always appears to be thicker than elsewhere in the guinea pigs' skin, it
seems likely that it is this feature which explains the success of W. Jadassohn and
co-workers in engendering vesicular responses in the nipple area.
Nilzen and Wikstrom (11) succeeded in sensitizing guinea pigs with potassium
dichromate and nickel sulfate provided that these agents were mixed with sodium
lauryl sulfate. The individual compounds alone, however, did not produce
allergic sensitization. Histologic changes in the sites treated with the combination
of sodium lauryl sulfate and potassium dichromate or nickel sulfate showed intra-
and extracellular edema with a tendency towards vesiculation. The illustrations
of these changes in their publication show definite acanthosis, and indeed our
present studies confirm the fact that sodium lauryl sulfate belongs to a group of
compounds which engender acanthosis (11). Nilzen and Wikstrom concluded from
their experiments that sodium lauryl sulfate may be capable of activating the
eczematogenic properties of a simple chemical compound in guinea pigs; or
perhaps that it enhances the activity of the allergen and its power to combine
with protein. An alternate interpretation of their results would be that sodium
lauryl sulfate produced an acanthosis which made the guinea pigs' skin capable of
reacting with eczematous changes. At least equally important is another possibil-
ity suggested by their results, namely that the acanthosis also might increase
susceptibility to allergic sensitization. The explanations given by Nilzen and
Wikstrom imply that sodium lauryl sulfate has some property which activates
the allergenic material. An alternate explanation would be that sodium lauryl
sulfate, rather than acting upon the allergen, acts upon the animals' skin by
producing an acanthosis; and that such acanthotic skin is more readily sensi-
tizable than normal guinea pig skin. In other words, thickening of the prickle
cell layer might increase eczematous sensitizability as well as reactivity. One
could speculate, for example, that a thickened prickle cell layer might supply a
larger quantity of the protein or other large molecular materials which are
necessary for conjugation and consequent conversion of the simple chemical, a
partial antigen, into a complete antigen.
Perhaps the rare instances in which eczema-like changes were found in guinea
pigs' skins also were due to the occurrence of acanthosis. It appears possible, for
example, that p-phenylenediamine (1) when repeatedly applied to guinea pigs'
skin might have an acanthogenic effect in addition to its allergenic effect and
thus might, in conformance with the ideas set forth above, render the guinea
pigs' skin capable of responding with vesicular eczema-like changes and perhaps
even make it more readily sensitizable.
The results of our experiments strengthen the concept that allergic contact
dermatitis in guinea pigs and allergic eczematous contact-type dermatitis in man
actually are one and the same disease, as far as the underlying mechanism is
concerned, and that the gross and histologic differences in the appearance of the
i
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lesions are due to differences in the anatomy of the skin of man and guinea pig.
This is of much theoretical importance, because it increases confidence in applica-
tion of the vast store of basic immunologic knowledge gained in experiments in
contact dermatitis in guinea pigs to allergic eczematous contact-type dermatitis
in man.
A technic which would allow for the regular production of true contact eczema
in guinea pigs also would furnish avenues for the most detailed studies of contact
eczema from the biochemical, histopathologic, histochemical and immunologic
viewpoints.
The results of our experiments point to the possibility that abnorma' thickening
of the prickle cell layer might have an important bearing as well on allergic
eczematous contact-type dermatitis in man. Acanthosis perhaps makes human
skin more reactive to allergenic and primary irritant eczematogenic substances
and more sensitizable to allergens. Acanthosis could be one of the mechanisms by
which some of the so-called non-specific factors contribute to the genesis of
eczematous dermatitis. Among these might be friction, exposure to water,
alkalis, acids, etc. In particular, the acanthogenic effects of occupationa' agents,
soaps, soapless detergents and other substances might be highly significant and
perhaps even decisive factors in the production of hand eczema. In this connection
one must consider also the acanthogenic action of certain topical medicaments
and vehicles, an effect which was investigated in detail by Schaaf and Gross (14).
SUMMARY
Experiments were carried out to investigate the possibility that guinea pigs'
skin 'acks the capacity to respond with characteristic eczematous changes (i.e.
intra- and intercellular edema and spongiosis leading to vesiculation) because of
its relatively thin prickle cell layer. Guinea pigs sensitized to picryl chloride or
2,4 dinitrochlorobenzene were exposed to the allergenic chemical on skin which
had previously and deliberately been made acanthotic with squalene, sodium
laury sulfate or Span 20. Changes of spongiosis and intraepidermal vesiculation
very reminiscent of contact eczema in man were produced in some of these
prepared sites, in contrast to the non-eczematous dermatitis engendered by the
same chemical in the same animals on normal, i.e. non-acanthotic skin.
The significance of these results and in particular their possible implications
with respect to allergic eczematous contact-type dermatitis in man are discussed.
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DISCUSSIONS
DR. ISRAEL ZELIGMAN (Baltimore, Md.): Those who are interested in the
production of contact dermatitis with various chemicals on the skin of guinea
pigs can appreciate the work of Dr. Baer and collaborators in attempting to
change the skin of guinea pigs to more closely resemble that of man. Those who
have studied dermatitis produced in guinea pigs by application of external agents
know that clinically there is no blister formation and that histologically there are
no real vesicles. By the repeated application of allergenic or irritating chemicals,
one can produce considerable acanthosis of the skin of guinea pigs. The presenters
have attempted to simulate the conditions found in man by using acanthogenic
chemicals and then have employed allergens in order to simulate intercellular
edema and spongiosis as seen in contact dermatitis of human skin. They have an
approach that certainly deserves to be pursued further.
DR. R. L. MAYER (Summit, N. J.): I want to congratWate Dr. Baer on his very
interesting presentation. It throws some light, indeed, on a controversy which
started when in 1928, I was able to produce in guinea pigs sensitized to para-
phenylenediamine a real allergic eczema. The pictures I then described were very
similar to those shown today by Dr. Baer. Later on, the work was repeated, and
it was claimed that guinea pigs do not develop a true eczema. But in the experi-
ments on the basis of which my findings were contested, the authors used not
paraphenylenediamine as I did, but picryl chloride. Dr. Baer's experiments now
show, for the first time, the reason for this discrepancy, and we are now able to
end the controversy. Dr. Baer has shown that it is necessary to produce in guinea
pigs acanthosis before a real eczema can be created. Now, contrary to para-
phenylenediamine, picryl chloride does not produce acanthosis; but para-
phenylenediamine is a compound with very strong acanthosis-producing prop-
erties. Like butter yellow, it is known to produce epithelial proliferation and even
true carcinoma. By using paraphenylenediamine as a sensitizing agent, we
automatically produce acanthosis.
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DR. ADOLPH ROSTENBERG, JR. (Chicago, Ill): I want to commend Dr. Baer
and his co-workers on this beautiful presentation. It is especially interesting and
of value to those who have been working in this field. I would subscribe to every-
thing he has said about the possible importance of this work, but I think it has
even a greater importance than he pointed out. His findings tend to clear up the
argument that has long been held as to true shock tissue in eczematous sensitiza-
tion. Those of you who are familar with the literature in this field recaU than an
early name for this type of sensitization was epidermal sensitization, which
implied that the epidermis was the major component of the reaction. I have long
felt that that was a misnomer. Certainly the epidermis normally participates as
the chemical has to conjugate with some body constituent and there is no reason
to believe that it does not take place in the epidermis; indeed radioactive studies
furnish some evidence for this. So the epidermis would necessarily participate
because of this in vivo conjugation. What we are interested in though is, where
does the reaction between antibody or sensitized cell and the antigen take place.
Dr. Baer has shown that in the sensitized animals where acanthosis has not been
produced, the reaction is more or less in the vessels of the upper corium. In the
acanthotic sensitized animals epidermal changes are seen which seem to indicate
that the epidermal changes are secondary to the immune reaction. As Dr. Baer
says, in the human we see one type of secondary change, whereas in the guinea
pig you see another type, but when you cause the epidermis of the guinea pig to
simulate that of the human you get the same type of change.
DR. WALTER F. LEVER (Boston, Mass.): The discussors have emphasized the
importance of Dr. Baer's presentation. I should like to make a comment on
nomenclature. I have always been disturbed by the use of the terms eczema and
dermatitis as if they indicated different processes or diseases. At the most, they
merely connote minor morphologic differences. I think this paper corroborates
this. I believe that we should try to do away with the old term "eczema" and use
dermatitis as the term referring to the type of reaction occurring in the skin after
the application of contact allergens.
DR. STEPHEN ROTHMAN (Chicago, Ill): This work has beautifully shown that
the normal epidermis of the guinea pig is too thin to develop spongiosis. The
thickness of the normal human epidermis seems to be just optimal for this reac-
tion. In pathological thickening of human epidermis, however, the tendency to
eczematization is decreased. Is it possible that there is an optimal thickness for
this reaction? Certainly, thickness beyond a certain degree is no more favorable
for spongiotic reaction.
DR. RAYMOND R. SIJSKIND (Cincinnati, Ohio): I, too, would like to congratulate
the essayist on a very revealing piece of work. It occurred to me that the observa-
tions made on guinea pig skin, irritated to the point of acanthosis and which
demonstrated increased reactivity to the sensitizer should be compared with the
observations which Dr. Evelyn Rockwell made in our laboratory. She observed
that if you irritated guinea pig skin mechanically or chemically prior to the
sensitization or challenging dose, the reactivity depends upon when you apply the
sensitizer following the irritation procedure. If the sensitizer is applied imme-
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diately or within a few hours after the irritation procedure, increased reactivity
of the skin to the sensitizer is noted. On the other hand, if you apply the sensitizer
48 hours or longer after the irritation procedure an obvious decrease in reactivity
is noted. In the animals in which such decrease was noted there was considerable
hyperkeratosis and some thickening of the epidermis histologically. She explained
the decreased reactivity on the basis of such thickening. I do not know if there
was as much acanthosis in Dr. Rockwell's pigs as Dr. Baer produced in his
animals. Perhaps it is necessary to produce a severe degree of acanthosis in order
to elicit this human-like vesicular reaction and increase hypersensitivity to DNB
or picryl chloride.
DR. RUDOLF L. BAER (New York, N. Y.): (in closing): I want to thank all the
discussors for their very kind and interesting comments.
Dr. Mayer made the point that paraphenylenediamine in guinea pigs' skin
produces eczematous changes and spongiosis in the epidermis contrary to the
non-eczematous response caused by other simple chemicals and he explained this
by the fact that paraphenylenediamine at the same time induces an acanthosis.
This possibility also was considered by us and is discussed in the detailed paper
which will be published. As a matter of fact, originally the stimulus for our study
was the discrepancy in Dr. Mayer's findings with paraphenylenediamine and our
own findings and those of others using different allergenic substances. We thought
that these differences had to be reconciled.
I agree with Dr. Rostenberg that the main value of our findings may be in the
fact that one now has a tool where in animal experiments one can study eczema-
tous allergic and non-allergic processes from their onset through their complete
evolution.
Dr. Lever is correct in stating that there are certain difficulties in terminology
which should be straightened out, but lack of time makes it impossible to do so
here.
Dr. Rothman noted that there are acanthotic processes in the human skin
which clinically have not shown an increased susceptibility to allergic eczematous
sensitization. It is well known, however, that skin sensitizability is greater after
certain forms of damage (e.g. burns) than in normal skin. Also in some derma-
tologic processes changes which occur in addition to acanthosis might well
interfere with an effect which might occur if there were only acanthosis alone.
It will be interesting to compare the results of Dr. Rockwell's studies with
ours, as suggested by Dr. Suskind.
ii
R  ( e  ork, . .): (in closing): I want to thank a l the
 t r l e ia ine in guinea pigs' skin
          
t     t  i l  i l    l i  t i
e
t   i rea.
. i .
